Key Summary Points {#d30e263}
==================

Uncontrolled hyperglycaemia is associated with poor clinical outcomes among hospitalised patients with coronavirus disease 2019 (COVID-19).This review provides a practical guidance on the use of the basal-bolus insulin regimen for management of hyperglycaemia in hospitalised patients.Various case scenarios are provided to illustrate how to achieve optimal blood glucose control through adjustments in doses of prandial and basal insulin, the use of correctional insulin dosing and changes in timing and content of major and minor meals.This guidance can be used for patients admitted for indications other than COVID-19 and for those in ambulatory care.

Introduction {#Sec1}
============

The coronavirus disease 2019 (COVID-19) pandemic has affected 213 countries worldwide, with more than 5.4 million confirmed cases and more than 340,000 deaths at the time of writing this paper \[[@CR1]\]. The outbreak of this disease has resulted in an unparalleled increase in admissions to dedicated COVID-19 facilities, with diabetes, hypertension and cardiovascular disease reported to be major comorbidities among patients with COVID-19 \[[@CR2]\]. The pooled prevalence of diabetes in a meta-analysis of nine observational studies of patients hospitalised with COVID-19 was reported to be 9% (95% confidence interval 6--12%) \[[@CR3]\]. A high insulin requirement has been reported for the management of hyperglycaemia in patients with COVID-19, especially in those with severe disease, which has been attributed to a combination of severe insulin resistance and decreased insulin secretion due to beta-cell dysfunction \[[@CR4]\]. Among patients with COVID-19, diabetes is associated with an increased severity of infection, rapid disease progression, poor clinical outcomes and mortality \[[@CR5]\], but this association is mainly driven by the severity of hyperglycaemia. In a retrospective study of \> 7000 patients with COVID-19 and pre-existing type 2 diabetes mellitus (T2DM), the in-hospital mortality rate was tenfold lower (1.1 vs. 11%) in patients with well-controlled blood glucose levels (upper limit ≤ 10 mmol/L or 180 mg/dl) than in those with poor blood glucose control (upper limit \> 10 mmol/L or 180 mg/dl) during the course of hospitalisation \[[@CR6]\]. Thus, it is of paramount importance that hospitalised patients with COVID-19 achieve good glycaemic control.

Intensive insulin regimens, such as basal-bolus insulin therapy and continuous intravenous insulin infusion, are known to be safe and effective therapies for the management of hospitalised patients with hyperglycaemia \[[@CR7]--[@CR9]\]. However, given the rising burden of patients requiring hospital admission for COVID-19 and a possible deployment of healthcare personnel without required expertise in the management of hyperglycaemia in these patients, the implementation of an effective insulin therapy may be challenging. Here, we discuss a practical and simplified approach for the management of hyperglycaemia in hospitalised patients using the basal-bolus insulin regimen. This practical guidance is formulated based upon the available evidence and the combined clinical experiences of the authors, with the aim to help clinicians better manage the patients under their care.

This article is based on previously conducted studies and does not contain any studies with human participants or animals performed by any of the authors.

Basic Principles of the Basal-Bolus Insulin Regimen {#Sec3}
===================================================

*Rationale* Basal-bolus insulin regimen implies the use of one or two doses of intermediate- or long-acting (basal) insulin and three, or rarely, four doses of short-acting (bolus or prandial) insulin. The basal insulin regulates the rise in blood glucose due to endogenous glucose production through the processes of glycogenolysis and gluconeogenesis, and the bolus insulin prevents the meal-related rise in blood glucose levels.

*Pharmacokinetics of Different Insulin Preparations* Basal insulin can be classified into: (1) conventional preparations, such as neutral protamine hagedorn (NPH) insulin, which is intermediate acting (duration of action 12--16 h), and (2) insulin analogues, such as insulin detemir, insulin glargine and insulin degludec, which are intermediate or long acting (duration of action 12 to \> 24 h) (Table [1](#Tab1){ref-type="table"}). Similarly, bolus insulin can be classified into: (1) conventional preparations, such as regular insulin, which are short acting (onset and duration of action 30--60 min and 6--8 h, respectively); (2) rapid-acting insulin analogs, such as insulin lispro, insulin aspart and insulin glulisine (onset and duration of action 5--15 min and 3--5 h, respectively) (Table [1](#Tab1){ref-type="table"}); and (3) ultra-rapid-acting insulin analogues, such as fast-acting insulin aspart (onset of action is twofold faster than that of insulin aspart) \[[@CR10]--[@CR13]\]. Thus, while regular insulin provides coverage during the post-absorptive period (beyond 4 h following a major meal), implying some degree of basal glucose regulation, the action of rapid-acting insulin is mainly limited to the postprandial period (up to 4 h following a major meal).Table 1Pharmacokinetic properties of human insulin and insulin analogues following subcutaneous injectionInsulin preparationOnset of actionPeak of action (h)Duration of action (h)Time of administrationPrandial insulin Regular30--60 min2--46--830 min before a meal Lispro10--15 min1--1.53--55--15 min before a meal Aspart10--15 min1--23--55--15 min before a meal Glulisine10--15 min1--23--55--15 min before a meal Fast-acting insulin aspart3--5 min13--4At the start of a meal or up to 20 min after starting a mealBasal insulin NPH2.5--3 h5--712--16Bedtime. When given twice daily, morning dose is administered at around 9 a.m. Detemir2--3 h6--812--24Bedtime. May be required twice daily Glargine U-1002--3 hNo peak≈ 24Given once a day at a fixed time, generally bedtime. May be required twice daily on rare occasions Glargine U-3004--6 hNo peak \> 24 (≈ 36)Given once a day at a fixed time Degludec1--4 hNo peak \> 24 (≈ 42)Given once a day at a fixed timeValues in table have been published earlier \[[@CR10]--[@CR12]\]*Glargine U-100*,*U-300* Insulin glargine solution 100 units/ml, 300 units/ml,*NPH* Neutral protamine hagedorn

Indications for the Basal-Bolus Insulin Regimen {#Sec4}
===============================================

The basal-bolus insulin regimen should be considered in the following scenarios (Electronic Supplementary Material \[ESM\] Table 1):Suboptimal blood glucose control with oral glucose-lowering drugs and/or basal insulin and/or premixed insulin.Use of oral glucose-lowering drugs is not safe due to underlying organ dysfunction.Initiation or escalation of oral glucose-lowering drugs is likely to cause delay in achieving normoglycaemia and adversely affect clinical outcomes.Transition from intravenous insulin infusion to a subcutaneous insulin regimen.Patient was already using this regimen prior to hospital admission.

Prerequisites for Basal-Bolus Insulin Regimen {#Sec5}
=============================================

The following factors should be kept in mind before initiating a basal-bolus insulin regimen (ESM Table 1):The patient should receive enteral nutrition per oral administration or via a feeding tube. The latter may be relevant for a patient emerging from or currently on ventilatory support. A regular diet plan should be followed, with a fixed number of calories and a fixed carbohydrate proportion for each major and minor meal (or major and minor feed). In the hospital setting, especially in the current COVID-19 scenario, very little support is likely to be available to assess the adequacy of teaching programmes aimed at educating the patient on carbohydrate counting; therefore, a meal with a fixed carbohydrate proportion should be the preferred option.The patient should consume three major and three minor meals (or feeds) or three major and four minor meals (or feeds) (the latter option is preferred if the interval between lunch and dinner \[or the second and third major feed\] is large).There should be a gap of at least 2 h between a major meal (or feed) and minor meal (or feed). This gap ensures that the release of prandial insulin is appropriate to match the post-meal rise in blood glucose and that there is no second unregulated wave of glucose release during this period.Meal (or feed) timings (both major and minor) should be relatively fixed.

Blood Glucose Targets {#Sec6}
=====================

Glycaemic targets for the management of hospitalised patients with hyperglycaemia are based upon capillary blood glucose monitoring. Although  blood glucose meters use capillary whole blood for the measurement of glucose, most devices currently used report a plasma equivalent value (to facilitate comparison with the laboratory value) \[[@CR14]\]. It should be noted that capillary and venous plasma glucose values better approximate in the fasting state than the postprandial state, with capillary values in the latter state possibly being higher by 20--25% \[[@CR15]\].

Glycaemic targets for hospitalised patients with COVID-19 should be decided based on age, comorbidities and presence or absence of diabetes-related complications. For individuals who are young, have no comorbidities or diabetes-related complications and tight blood glucose control can be achieved without causing undue hypoglycaemia, fasting blood glucose (FBG) of ≤ 120 mg/dl (6.7 mmol/L) and 2-h postprandial blood glucose (PPBG) of ≤ 160 mg/dl (8.9 mmol/L) should be targeted. For older individuals or those with comorbidities and diabetes-related complications for whom the risk of hypoglycaemia is higher, blood glucose targets should be relaxed to FBG ≤ 140 mg/dl (7.8 mmol/L) and PPBG ≤ 180 mg/dl (10 mmol/L). The upper limit for PPBG can be further relaxed to 220 mg/dl (12.2 mmol/L) if the efforts to achieve target value ≤ 180 mg/dl (10 mmol/L) are met with increased frequency of hypoglycaemia (Table [2](#Tab2){ref-type="table"}).Table 2Blood glucose targets for patients on basal-bolus insulin regimenPatient characteristicsTarget blood glucoseFasting blood glucose2-h postprandial blood glucoseYoung, no comorbidities or diabetes-related complications ≤ 120 mg/dl (6.7 mmol/L) ≤ 160 mg/dl (8.9 mmol/L)Patients with terminal illness and/or limited life expectancy or at high risk of hypoglycaemia ≤ 140 mg/dl (7.8 mmol/L) ≤ 180 mg/dl (10.0 mmol/L)^aa^Could be further relaxed to 220 mg/dl (12.2 mmol/L) if the target value cannot be achieved without causing undue hypoglycaemia

How to Decide Upon the Insulin Dose When Starting the Basal-Bolus Insulin Regimen? {#Sec7}
==================================================================================

Patients who were already on a basal-bolus insulin regimen prior to admission and have good blood glucose control can be continued on the same doses of insulin. Further adjustments can be made based on capillary blood glucose monitoring as detailed in the following sections of this review. For patients who are insulin naïve, insulin therapy can be initiated at an empirical total daily dose (TDD) of 0.4 units/kg/day \[[@CR8]\]. The TDD should be reduced to 0.2 units/kg/day in elderly patients (\> 65 years) and in those with renal dysfunction, liver disease, cardiac disease, autonomic neuropathy or hypoglycaemia unawareness due to the heightened risk of hypoglycaemia and its associated complications in this patient subgroup.

In the scenario in which regular insulin is used for prandial coverage, the calculated TDD is divided equally into four portions, with the implication of one portion for the basal insulin injection and one portion each for the three prandial insulin injections (25% of TDD in each insulin injection). However, when an insulin analogue is used for prandial coverage, the TDD should be divided into 50% for basal insulin and 50% for prandial insulin (further divided into three equal portions for each meal) \[[@CR8]\].

Transition from intravenous insulin infusion to the subcutaneous basal-bolus insulin regimen should ideally occur when the patient is consuming meals regularly, blood glucose levels are controlled and stable and any underlying illness has improved significantly. Typically, the TDD is calculated as 80% of the total daily insulin requirement on intravenous infusion in the last 24--48 h \[[@CR9]\]. The 20% decrement is accounted for by increased ambulation, improvement in glucotoxicity and decreased stress-related hyperglycaemia when patient is switched to a subcutaneous insulin regimen. The TDD can be proportionately divided into basal and prandial components as described above. However, when a marked difference in insulin requirement is evident across the different time segments (breakfast to lunch, lunch to dinner, dinner to midnight and midnight to before breakfast), the insulin dose for each segment should be calculated separately (ESM Table 2).

Blood Glucose Monitoring {#Sec8}
========================

Important Factors to Consider in Patients with COVID-19 Admitted to Hospital {#Sec30}
----------------------------------------------------------------------------

Pre-analytical factors, such as blood pH, hypoxia, hypotension and extreme hematocrit concentrations, can affect the performance of capillary blood glucose monitoring and should be given due consideration in the current scenario \[[@CR16]\]. While most  blood glucose meter test strips use the glucose oxidase method, which is specific for glucose, it is worth mentioning that the glucose dehydrogenase-pyrroloquinolinequinone (GDH-PQQ) method is not glucose specific. Consequently, GDH-PQQ can react with other sugars, such as maltose, galactose and xylose, resulting in false high blood glucose readings in the presence of these molecules \[[@CR17]\]. Maltose is product of icodextrin metabolism (used in peritoneal dialysis solutions) and also a constituent of intravenous immunoglobulin, which is an experimental therapy for patients with severe COVID-19 pneumonia \[[@CR18]\]. Erroneously high blood glucose readings leading to fatal insulin dose calculation errors may occur in such scenarios when using a GDH-PQQ-based glucometer \[[@CR17], [@CR19]--[@CR21]\]. For this reason, GDH-PQQ-based  blood glucose meters are not recommended for use in the hospital setting by the US Food and Drug Administration \[[@CR22]\].

Pattern of Blood Glucose Monitoring {#Sec31}
-----------------------------------

A mix of preprandial and postprandial blood glucose values should be monitored along with the blood glucose values at 3 a.m., when needed. Paired values around a meal are more informative for prandial insulin adjustments, as discussed subsequently in following sections. Since intensive blood glucose control is needed in patients with active infection, the monitoring frequency should be higher, especially when blood glucose levels are out of the target range. The frequency of monitoring can be reduced once blood glucose levels are stable and in the target range. We suggest the following three levels of monitoring.

### *Level 1 Monitoring* {#d30e753}

Level 1 monitoring consists of making one paired measurement (pre- and 2-h post-meal) each day. The meal around which the paired measurement is performed should be rotated on a daily basis (e.g. breakfast on day 1, lunch on day 2, dinner on day 3 and so on). This strategy should be used when \> 75% of the values are in target range without any episode of hypoglycaemia (Table [3](#Tab3){ref-type="table"}).Table 3Proposed strategy for level 1 monitoring of capillary blood glucoseDayBBFABFBLALBDNADN3 a.m.^a^RemarksDay 1xxDay 2xxDay 3xxDay 4xxLevel 1 capillary capillary blood glucose monitoring is advised when \> 75% blood glucose values are in the target range and there is no episode of hypoglycaemia*ABF* After breakfast, *ADN* after dinner,*AL* after lunch,*BBF* before breakfast, *BDN* before dinner, *BL* before lunch^a^Blood glucose should be monitored at 3 a.m. when the fasting blood glucose level is persistently out of the target range

### *Level 2 Monitoring* {#d30e901}

Level 2 monitoring consists of making two paired measurements each day. As in level 1 monitoring, the meals around which the paired measurements are performed should be rotated on a daily basis (e.g. breakfast and lunch on day 1, lunch and dinner on day 2, dinner and breakfast on day 3 and so on). In a scenario where values around a specific meal are predominantly affected (e.g. lunch), one pair may be fixed for that meal and other rotated on a daily basis between other two meals (e.g. breakfast and dinner). This strategy should be used when 50--75% blood glucose values are in the target range (Table [4](#Tab4){ref-type="table"}).Table 4Proposed strategy for level 2 monitoring of capillary blood glucoseDay^a^BBFABFBLALBDNADN3 a.m.^b^RemarksDay 1xxxxDay 2xxxxDay 3xxxxDay 4xxxxLevel 2 capillary capillary blood glucose monitoring is advised when 50--75% of blood glucose values are in the target range^a^In case values around a specific meal are predominantly affected (e.g. lunch), one pair may be fixed for that meal and other rotated on daily basis between the other two meals (e.g. breakfast and dinner)^b^Blood glucose should be monitored at 3 a.m. when the fasting blood glucose is persistently out of the target range

### *Level 3 Monitoring* {#d30e1052}

Level 3 monitoring consists of performing blood glucose tests before all meals (pre-breakfast, pre-lunch and pre-dinner) and after all meals (2-h post-breakfast, post-lunch and post-dinner) on each day (6-point monitoring). This strategy should be used when \< 50% of the blood glucose values are in the target range. Blood glucose testing at 3 a.m. is required in a scenario where fasting blood glucose is persistently elevated, as discussed in following sections (Table [5](#Tab5){ref-type="table"}).Table 5Proposed strategy for level 3 monitoring of capillary blood glucoseDayBBFABFBLALBDNADN3 a.m.^a^RemarksDay 1xxxxxxDay 2xxxxxxDay 3xxxxxxDay 4xxxxxxLevel 3 capillary capillary blood glucose monitoring is advised when \< 50% of the blood glucose values are in the target range^a^Blood glucose should be monitored at 3 a.m. when the fasting blood glucose is persistently out of the target range

Role of Continuous Glucose Monitoring System {#Sec35}
--------------------------------------------

A continuous glucose monitoring system (CGMS) device measures the glucose level in the interstitial fluid instead of the blood. The components of a CGMS device are: (1) a sensor, which is inserted subcutaneously into the patient's abdomen or forearm; (2) a transmitter, which is attached to the sensor; and (3) a receiver which displays and stores glucose data. The sensor reports the interstitial glucose level every 5--15 min and can be worn for a duration of 6--14 days (varies according to the type of sensor). Unlike conventional monitoring, which provides snapshots of blood glucose values, CGMS provides information on glucose trends and fluctuations \[[@CR23], [@CR24]\]. CGMS devices can be: (1) real-time or unmasked (e.g. Guardian Connect \[Medtronic\], G5 Mobile \[Dexcom\], G6 \[Dexcom\], FreeStyle Libre Flash \[Abbott Diabetes Care\]) and (2) retrospective or masked (e.g., iPro2 \[Medtronic\], FreeStyle Libre Pro Flash \[Abbott Diabetes Care\]) \[[@CR25]\]. While the former devices allow real-time assessment of glucose levels (at a site remote from the patient), in the latter devices, data can only be reviewed retrospectively after the device has been worn for a certain period of time. Thus, a real-time CGMS not only provides an opportunity for stringent glucose monitoring but also reduces the need for repeated contact between the healthcare worker and the patient, which is very relevant in the current COVID-19 scenario. Since a lag time of 7--15 min exists between interstitial fluid glucose level and blood glucose level, the sensor value may be less accurate when glucose values are changing rapidly, such as after a meal and during or before a hypoglycaemic episode.

Insulin Dose Titration {#Sec9}
======================

Once insulin therapy has been initiated, the doses of prandial and basal insulin will need titration based on blood glucose monitoring. The titration of insulin dose is based on two main principles: (1) having an understanding of the segment of the day when insulin works; (2) having an understanding of the type of adjustment needed.

Understanding the Segment of the Day When Insulin Works {#Sec40}
-------------------------------------------------------

Each insulin dose in the basal-bolus regimen works during a particular segment of the day. Prandial insulin administered before breakfast predominantly acts from breakfast to lunch (around 8 a.m. to 1 p.m.); prandial insulin given before lunch predominant acts from lunch to dinner (around 1 p.m. to 7--8 p.m.); prandial insulin given before dinner predominantly acts from dinner to midnight (8 p.m. to 12 a.m.); and basal insulin given at bedtime (especially NPH) predominantly acts from midnight to breakfast (12 a.m. to 8 a.m.). Although there may be some overlap in action, this broad concept helps the clinician to determine the appropriate dose adjustment based upon the demarcation of the segment(s) during which blood glucose targets are not achieved.

Understanding the Type of Adjustment Needed {#Sec42}
-------------------------------------------

There are four main types of adjustments that can be made to achieve optimal blood glucose control; these are: (1) prandial insulin adjustments; (2) correctional insulin adjustments, (3) basal insulin adjustments; and (4) meals and snacks adjustments. These are described in detail in the following sections.

### Prandial Insulin Adjustments {#Sec43}

The postprandial rise in blood glucose is physiological and to a certain degree desirable. An idea of the degree of postprandial elevation that can be considered to be normal can be derived from an individual's glycaemic targets. For example, if the optimal preprandial target for an individual is ≤ 120 mg/dl (6.7 mmol/L) and the optimal postprandial target is ≤ 160 mg/dl (8.9 mmol/L), the difference between the two, that is, 40 mg/dl (2.2 mmol/L), can be taken as the upper limit of the allowed postprandial excursion. If the difference is consistently \> 40 mg/dl (2.2 mmol/L), and the postprandial glucose is also out of range (\> 160 mg/dl or 8.9 mmol/L) on two or more consecutive occasions for a given meal, this difference needs to be addressed. The healthcare professional should ensure that the insulin injection technique is correct, that there is an adequate time gap between the injection of prandial insulin and the meal (30 min for regular insulin) and that the quality and quantity of carbohydrate in the meal is appropriate and relatively fixed. In a scenario where these issues are not relevant to the problem or postprandial excursion persists despite these issues being addressed, the dose of prandial insulin should be increased to reduce the postprandial excursion to \< 40 mg/dl (2.2 mmol/L). If the postprandial excursion is \< 40 mg/dl (2.2 mmol/L), but the postprandial value is out of the target range due to a high preprandial value (\> 120 mg/dl or 6.7 mmol/L), measures to control preprandial blood glucose should be adopted (discussed later in review).

It is also important to understand that the postprandial blood glucose value should not be lower than the preprandial blood glucose value as this situation increases the chances of hypoglycaemia. In such a scenario, if the meal intake was adequate and there were no other factors which could explain the fall in blood glucose (such as exercise, vomiting or diarrhea), the dose of prandial insulin should be reduced. A dose reduction should be strongly considered if postprandial blood glucose is \< 100 to 120 mg/dl (5.6--6.7 mmol/L) or hypoglyceamia occurs in the postprandial period. As a general strategy, if postprandial blood glucose is less than preprandial blood glucose by ≤ 20 mg/dl (1.1 mmol/L), then prandial insulin should be decreased by 1 unit (by 10% if the dose of prandial insulin is \> 10 units); if the difference exceeds 20 mg/dl (1.1 mmol/L), prandial insulin should be decreased by 2 units (by 20% if the dose of prandial insulin is \> 10 units). Prandial insulin adjustment is explained in the context of various case scenarios in Table [6](#Tab6){ref-type="table"}.Table 6Examples of prandial insulin adjustments for a 45-year-old man (body weight 64 kg) receiving a total daily insulin dose of 40 unitsCase scenarioBG (mg/dl) InterpretationProblem areasSuggested actionsScenario 1105 (BBF)195 (ABF)155 (BL)1. ABF not in target range2. ABF--BBF \> 40 mg/dl1. Quantity and quality of carbohydrate in breakfast2. Insulin injection technique3. BBF insulin dose4. Insulin--meal gap1. Review quantity and quality of carbohydrate in breakfast2. Educate patient on proper insulin injection technique3. Increase BBF dose of regular insulin4. Ensure 30-min gap between regular insulin and breakfastScenario 2108 (BDN)220 (ADN)160 (BBF)1. ADN and BBF both not in target range2. ADN--BBF \> 40 mg/dl (indicates that dose of basal insulin is adequate)1. Quantity and quality of carbohydrate in dinner2. Insulin injection technique3. BDN insulin dose4. Insulin--meal gap1. Review quantity and quality of carbohydrate in dinner2. Educate patient on proper insulin injection technique3. Increase BDN dose of regular insulin4. Ensure 30-min gap between regular insulin and dinnerScenario 3105 (BDN)95 (ADN)^a^--1. ADN \< BDN and ADN \< 100 mg/dl1. Quantity and quality of carbohydrate in dinner2. Insulin injection site/other factors3. BDN insulin dose4. Insulin-meal gap1. Review quantity and quality of carbohydrate in dinner2. Enquire whether BDN insulin was administered on thigh or if patient did some brisk walking or vomited or had diarrhea after dinner3. Decrease BDN dose of regular insulin4. Ensure that the gap between insulin and meal was not too long (\> 30 min)For conversion from mg/dl  to mmol/L, divide the value in mg/dl by 18*BG* Blood glucose^a^On that night, patient should remain vigilant for hypoglycaemia (especially around 12--1 a.m.) and consume extra snacks or decrease basal insulin dose

### Correctional Insulin Adjustment {#Sec44}

When the elevation in preprandial blood glucose is very remarkable (\> 200 to 250 mg/dl or 11.1 to13.9 mmol/L), the treating physician may need to administer an additional correctional dose of short-acting insulin in addition to the usual prandial dose \[[@CR26]\]. This correctional dose is given with the aim to rapidly reduce the elevated blood glucose levels, and the dose is determined based on a correction factor. The correction factor indicates the decrease in blood glucose (mg/dl) expected with 1 unit of short-acting insulin and depends upon the insulin sensitivity of the person being treated. As a rule, the higher the TDD (units/kg body weight), the lower the insulin sensitivity and correction factor. Correction factors based on TDD are shown in Table [7](#Tab7){ref-type="table"}.Table 7Correction factor for the use of correctional insulin in patients with uncontrolled preprandial blood glucoseTotal daily dose (units/kg/day)Correction factor (mg/dl)^a^ \< 0.5500.5 to \< 1401 to \< 1.5301.5--220 \> 2Consider intravenous insulin infusion instead of correctional insulin for uncontrolled hyperglycaemiaFor conversion from mg/dl  to mmol/L, divide the value in mg/dl by 18^a^Correction factor indicates the decrease in blood glucose (mg/dl) expected with 1 unit of short-acting insulin

The practical use of a correctional dose of insulin can be better explained with an example, as follows. A 46-year-old man with T2DM for 3 years, a body weight of 72 kg and no comorbidities or diabetes-related complications is being treated with a basal-bolus insulin regimen. His TDD of insulin is 45 units (0.63 unit/kg body weight), injected as 10 units of regular insulin before each meal and 15 units of insulin glargine at bedtime. His correction factor (Table [7](#Tab7){ref-type="table"}) is 40, that is, 1 unit of regular insulin is expected to decrease the blood glucose level by 40 mg/dl (2.2 mmol/L). In a scenario in which his before-lunch blood glucose is 280 mg/dl (higher than the target blood glucose of 120 mg/dl \[6.7 mmol/L\] by 160 mg/dl \[8.9 mmol/L\]), he needs 160/40, that is, 4 units of correctional insulin. Thus, in addition to the 10 units of regular insulin for prandial coverage, he should receive an additional 4 units of regular insulin (total dose being 14 units of regular insulin).

Since insulin sensitivity is dynamic and varies depending on multiple factors, such as time of the day (higher at night), severity of underlying illness and use of concomitant drugs, the correction factor should be adjusted based on the changes in blood glucose observed with correctional insulin doses over the previous 2--3 days.

### Basal Insulin Adjustments {#Sec45}

Adjustments in bedtime basal insulin may be done based upon the fasting or pre-breakfast blood glucose value. The ideal decrease in blood glucose expected with basal insulin is determined by the difference in the upper limit of targets for post-dinner (160 mg/dl or 8.9 mmol/L) and pre-breakfast blood glucose (120 mg/dl or 6.7 mmol/L) values. Therefore, the action of basal insulin can be considered to be optimal if the decline in blood glucose is around 40 mg/dl (2.2 mmol/L). In case the fasting or pre-breakfast blood glucose is above target despite a decline of ≥ 40 mg/dl (2.2 mmol/L), the elevated post-dinner blood glucose value may need to be addressed with the principles delineated above.

If the fasting or pre-breakfast blood glucose is out of the target range and the overnight decline is \< 40 mg/dl (2.2 mmol/L), the dose of basal insulin may be increased. However, before increasing the dose, the treating physician should be certain that that inadequate decline is not reflective of a faulty insulin injection technique, the Somogyi phenomenon (midnight hypoglycaemia causing fasting hyperglycaemia) or extra snacking during this interval (between 12 and 8 a.m.).

Blood glucose should be checked at 3 a.m. if two or more consecutive fasting or pre-breakfast blood glucose values are above the target. A 3 a.m. blood glucose value of \< 70 mg/dl (3.9 mmol/L) suggests that late night hypoglycaemia is the possible cause of the raised morning blood glucose level. This situation will require a decrease in the dose of basal insulin and/or the addition of or increase in bedtime snacks. If the 3 a.m. blood glucose blood is ≥ 100 mg/dl (5.6 mmol/L), the dose of basal insulin should be increased after excluding early morning tea or snacks and a faulty insulin injection technique.

If the fasting or pre-breakfast blood glucose is 70--90 mg/dl (3.9--5.0 mmol/L), the dose of basal insulin should be decreased by 1 unit (10% if the dose of basal insulin is \> 10 units). If the fasting or pre-breakfast blood glucose is \< 70 mg/dl (3.9 mmol/L) or the patient experiences nocturnal hypoglycaemia, the basal insulin dose should be decreased by 2 units (10--20% if the dose of basal insulin is \> 10 units) and the bedtime snack(s) policy reviewed.

In a scenario where twice-daily basal insulin is used, the adjustments may be more complex. It should be understood that the primary action of basal insulin is that of regulating pre-meal blood glucose values. Accordingly, the morning dose of basal insulin should be adjusted based upon the pre-dinner blood glucose value and less commonly the pre-lunch blood glucose value. The increase in the dose of morning basal insulin is only justified if the upward drift of blood glucose starts after the peak of lunch time prandial insulin is over, implying that the post-lunch blood glucose is in target but the pre-dinner and evening blood glucose values are elevated. However, when both the pre-dinner blood glucose and post-lunch blood glucose levels are elevated, it is the dose of prandial (before lunch) insulin that should primarily be adjusted, and not that of basal insulin. Similarly, in the case of preprandial hypoglycaemia (during the pre-lunch or pre-dinner period), the morning basal insulin dose should be decreased, provided the hypoglycaemia is not explained by missed or inadequate snacks or other factors (such as exercise, vomiting and/or diarrhea). Basal insulin adjustment is explained in the context of various case scenarios in Table [8](#Tab8){ref-type="table"}.Table 8Examples of basal insulin adjustments for a 45-year-old man (body weight 64 kg) receiving a total daily insulin dose of 40 unitsCase scenarioBG (mg/dl) InterpretationProblem areasSuggested actionsScenario 1154 (ADN)60 (3 A.M.)155 (BBF)1. BBF not in target range2. 3 a.m. hypoglycaemia1. Missed or inadequate bedtime snack2. Dose of basal insulin1. Ensure adequate bedtime snack2. Decrease dose of basal insulinScenario 2158 (ADN)140 (3 a.m.)164 (BBF)1. BBF not in target range2. 3 a.m. \> 100 mg/dl3. ADN--BBF \< 40 mg/dl1.Quantity and quality of carbohydrate in bedtime snack2. Insulin technique3. Dose of basal insulin1. Check quantity and quality of carbohydrate in bedtime snack2. Educate patient on proper insulin injection technique3. Increase dose of basal insulinScenario 3142 (ADN)94 (3 a.m.)80 (BBF)1. BBF 70--90 mg/dl2. 3 a.m. \< 100 mg/dl1. Inadequate bedtime snack2. Dose of basal insulin1. Ensure adequate bedtime snack2. Decrease dose of basal insulinScenario 4114 (BBF)^a^142 (AL)212 (BDN)1. BDN not in target range2. AL in target range1. Quantity and quality of carbohydrate in evening snack2. Dose of morning basal insulin1. Review quantity and quality of carbohydrate in evening snack2. Increase dose of morning basal insulin^b^For conversion from mg/dl  to mmol/L, divide the value in mg/dl by 18^a^Patient being treated with twice daily basal insulin (bedtime and morning 9 am)^b^In refractory cases, addition of short- or rapid-acting insulin before evening snack may be warranted

### Adjustment of Meals and Snacks {#Sec46}

Medical nutrition therapy (MNT) is the cornerstone of effective blood glucose management in patients with diabetes \[[@CR27], [@CR28]\]. The broad aim of MNT is to provide an individual with adequate calories to meet his/her nutrition demands. Total calories are split in three major meals (breakfast, lunch and dinner; or major feed 1, major feed 2 and major feed 3) and three to four minor meals (snacks) or feeds (mid-day \[10--11 a.m.\], early evening \[4--5 p.m.\], late evening \[6--7 p.m.\] and bedtime \[10--11 p.m.\]) to provide nutrition throughout the day, regulate the rise in blood glucose after a meal and avoid hypoglycaemia. A fixed meal pattern in terms of timing and content is desirable in the hospital setting (as discussed above). However, even with relatively fixed diet patterns, individual adjustments may be needed.

In a scenario in which postprandial blood glucose is in target, but the subsequent preprandial value is elevated (for instance, pre-breakfast blood glucose of 115 mg/dl (6.4 mmol/L), post-breakfast blood glucose of 145 mg/dl (8.1 mmol/L) and pre-lunch blood glucose of 140 mg/dl (7.8 mmol/L), the carbohydrate quality (glycaemic index) and quantity (calories) of the intervening snack (mid-morning snack in this case) should be checked. Similarly, if the post-prandial blood glucose is within normal range, but the subsequent pre-prandial value is low (\< 80 mg/dl or 4.4 mmol/L) or patient experiences hypoglycaemic symptoms at this time \[for instance, pre-breakfast blood glucose of 100 mg/dl (5.6 mmol/L), post-breakfast blood glucose of 120 mg/dl (6.7 mmol/L) and pre-lunch blood glucose of 72 mg/dl (4.0 mmol/L)\], it should be checked if the intervening snack (mid-morning snack in this case) was missed or was inadequate in terms of calories. Meals and snacks adjustment has been explained with various case scenarios in Table [9](#Tab9){ref-type="table"}.Table 9Examples of meal and snack adjustments for a 45-year-old man (body weight 64 kg) receiving a total daily insulin dose of 40 unitsCase scenarioBG (mg/dl)InterpretationProblem area(s)Suggested action(s)Scenario 1105 (BBF)135 (ABF)175 (BL)1. BL not in target range2. ABF-BBF \< 40 mg/dl3. ABF in target range1. Mid-morning snackReview quantity and quality of carbohydrate in mid-morning snackScenario 2 105 (BBF)168 (ABF)205 (BL)1. ABF and BL both not in target range1. ABF-BBF \> 40 mg/dl3. BL \> ABF1.Quantity and quality of carbohydrate in breakfast2.Insulin injection technique3.Insulin dose before breakfast4.Insulin--meal gap5. Quantity and quality of carbohydrate in mid-morning snack(s)1. Review quantity and quality of carbohydrate in breakfast2 .Educate patient on proper insulin injection technique3. Increase BBF dose of regular insulin4. Ensure 30-min gap between regular insulin and meal5. Review quantity and quality of carbohydrate in mid-morning snackScenario 3105 (BBF)120 (ABF)78(BL)^a^1. BBF and ABF in target range2. BL \< BBF1.Delayed lunch timings2. Missed or inadequate mid-morning snack(s)3. Other factors1.Ensure lunch is not delayed2. Ensure adequate mid-morning snack3. Enquire whether if patient did some brisk walking or vomited or had diarrhea around lunch timeFor conversion from mg/dl  to mmol/L, divide the value in mg/dl by 18^a^Patient reported hypoglycaemic symptoms around lunch time

Discrepancies in patient's diet pattern can result in glycaemic variability. Therefore, the patient (or attending healthcare provider) should be advised to note diet content, meal timings and any variance from the previous days in the remarks column of the blood glucose log or in a separate diary for review by the treating physician.

Special Situations {#Sec47}
==================

Type 1 Diabetes Mellitus and Diabetic ketoacidosis {#d30e1804}
--------------------------------------------------

One study reported that a large number of patients with COVID-19 developed diabetic ketoacidosis (DKA), hyperosmolar hyperglycaemic state (HHS) or a combination of both \[[@CR29]\]. It has also been found that COVID-19 may mask the symptoms of DKA \[[@CR30]\]. In a study of 64 patients with type 1 diabetes mellitus (T1DM) who tested positive for COVID-19 or COVID-19-like disease, a significant proportion had hyperglycaemia (*n* = 32, 50%) or DKA (*n* = 19, 30%) \[[@CR31]\]. These results strongly suggest that all patients with COVID-19 should be screened for hyperglycaemia and that blood or urine ketone testing should be considered in patients with a blood glucose value \> 250 mg/dl (13.9 mmol/L) \[[@CR32], [@CR33]\].

For patients with T1DM who are already on a basal-bolus insulin regimen, the same regimen can be continued, with dose titration performed according to the results of blood glucose monitoring. However, in cases where ketosis or ketoacidosis is present, intravenous insulin infusion should be the initial preferred strategy. On the other hand, in the current scenario of COVID-19, switching patients on continuous subcutaneous insulin infusion or insulin pump to the basal-bolus insulin regimen should be strongly considered---unless expert guidance is available to manage the former.

Use of Glucocorticoids {#d30e1833}
----------------------

Selected patients with moderate to severe COVID-19 may require glucocorticoids, usually administered as intravenous methylprednisolone 0.5--1.0 mg/kg/day in two divided doses \[[@CR34]\]. The use of glucocorticoids may worsen hyperglycaemia and necessitate adjustments in insulin therapy. A detailed discussion of the management of glucocorticoid-induced hyperglycaemia is beyond the scope of this article and the reader is directed to excellent reviews on this topic \[[@CR35]--[@CR37]\].

Acute Kidney Injury {#d30e1847}
-------------------

Acute kidney injury (AKI) has been reported as a complication of severe COVID-19. In a multi-hospital study involving \> 5400 patients admitted with COVID-19, AKI developed in 36.6% patients, of whom 14.3% required dialysis \[[@CR38]\]. The development of renal dysfunction is associated with a reduced clearance of insulin and hence necessitates a reduction in the dose of exogenous insulin to prevent hypoglycaemia \[[@CR39]\]. In addition, the requirement of insulin may vary on pre- and post-dialysis days. Initiation of dialysis is associated with an improvement in peripheral insulin resistance and hence the dose requirement may decrease further following dialysis \[[@CR40], [@CR41]\].

Concomitant Use of Oral Agents with Potential Effect on Blood Glucose {#d30e1864}
---------------------------------------------------------------------

Patients with COVID-19 may receive oral hydroxychloroquine (HCQ), which is also an effective anti-hyperglycaemic agent \[[@CR42]\]. In such cases, the patient should be kept under close watch for hypoglycaemia, and an adjustment in insulin dose should be considered. The use of oral dipeptidyl peptidase-4 (DPP-4) inhibitors has also been reported to be a safe and effective treatment in patients with mild to moderate hyperglycaemia and in stable clinical condition, and a reduction of insulin dose may be needed in situations where these agents are co-administered with insulin \[[@CR43]\]. The use or continuation of glucose-lowering oral drugs other than DPP-4 inhibitors is generally not recommended for acutely ill patients with COVID-19 due to the potential for abrupt deterioration in clinical status \[[@CR44]\]. The risk for euglycaemic DKA and volume depletion contraindicates the use of sodium-glucose cotransporter-2 (SGLT2) inhibitors in any hospitalised patient at this time \[[@CR44]\].

Use of this Practical Guidance in Other Scenarios and for Ambulatory Patients {#Sec48}
-----------------------------------------------------------------------------

We have presented a practical guidance for the management of patients on basal-bolus insulin therapy. This guidance can also be used for patients hospitalised for indications other than COVID-19. Some patients are primarily admitted for glycaemic control and are often encouraged to perform some physical activity (such as walking) in the hospital premises, when possible. In such a scenario, one should ensure that the timing and quantum of physical activity is relatively fixed. Preferably, physical activity should be avoided late in evening or after dinner to prevent nocturnal hypoglycaemia. Additionally, brisk walking after an insulin injection in the thigh should be avoided as it can result in rapid absorption of insulin and subsequent hypoglycaemia \[[@CR45]\]. A close watch for hypoglycaemia should be maintained in every hospitalised patient receiving insulin therapy. During the course of the hospital stay, the patient should be educated on recognising the symptoms of hypoglycaemia, as well as on its acute management and prevention of future episodes. In ambulatory patients, the adjustments in insulin doses should not be too frequent and should be done preferably after the patient's blood glucose log has been reviewed for at least 3--4 days. The patient should be educated on principles of insulin dose self-adjustment highlighted in the previous section. The unsupervised use of correctional insulin could be risky and should be avoided.

Strengths and Limitations of this Practical Guidance Document {#Sec408}
-------------------------------------------------------------

The proposed guidance is based on a review of available literature and the combined extensive clinical experiences of the authors. It provides a comprehensive review on the use of the basal-bolus insulin regimen in routine clinical practice with the help of different case scenarios. The principles and concepts highlighted can be easily understood by healthcare personnel with lesser training and experience than skilled physicians in the management of hyperglycaemia in hospitalised patients. The guidance may be used for settings beyond COVID-19 and for ambulatory patient care. A limitation of this practical approach is that it has not been tested in a formal manner.

Conclusion {#Sec10}
==========

This review provides a practical guidance on the use of the basal-bolus insulin regimen in patients with diabetes mellitus hospitalised with COVID-19. We have used various case scenarios to illustrate adjustments in doses of prandial and basal insulin, the use of correctional insulin and changes in timing and content of major and minor meals for achieving optimal blood glucose control. This guidance can be used in the future for patients admitted for indications other than COVID-19 and for those in ambulatory care.
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